INTRODUCTION
Potato, the third largest global food crop after wheat and rice, suffers from the devastating late blight disease, which causes 16% loss of yield globally (Haverkort et al., 2009) . Late blight, caused by the plant pathogen Phytophtora infestans (Mont.) de Bary, is one of the most devastating potato diseases worldwide. Two phenotypic expressions of host plant resistance to P. infestans have been described. The distinction between two types of resistance, qualitative (race-specific) and quantitative (field resistance), is controlled by major R genes and minor genes. Factors controlling quantitative resistance to P. infestans have been found on almost every potato chromosome, confirming the truly polygenic nature of this trait (Gebhard and Valkonen, 2001) . The most sustainable strategy to protect potato plants from late blight is to breed disease resistance (R) genes into the cultivars (Hansen et al., 2005) . Potato breeding is complicated because potato cultivars are highly heterozygous autotetraploid plants (2n = 4x = 4n), they suffer from acute inbreeding depression and introduced R genes are quickly deflated by P. infestans (Fry, 2008) . Also, quantitative resistance is thought to result in a more durable resistance under field conditions (Solomon-Blackburn et al., 2007; Fry, 2008) . Late blight resistance breeding has been pretty much unsuccessful for more than 150 years (Müller and Black, 1952) , and breeding for multigenic resistance, including field resistance, remains a major challenge (Rietman, 2012) .
In northern areas, under favourable air temperature (15-20°C
) and moist conditions, the pathogen can cause considerable yield loss (Runno-Paurson et al., 2013) . More than 90% relative humidity in air creates the most suitable conditions for development of the sporangia of late blight, especially if the potato leaves stay moist at least three hours (Hooker, 1990) . Different strategies have been used at the Jõgeva Plant Breeding Institute to breed late blight resistant varieties. The Jõgeva Plant Breeding Institute has released varieties with efficient major gene-based late blight resistance, like 'Sulev' and 'Olev' in 1950s . The next strategy included pyramiding resistance genes using geographically distinct parents. Variety 'Sarme' (R 1 R 2 R 3 R 4 ) was obtained from a cross between 'Commandeur' (R 3 ) (Holland) and M 987 (R 1 R 2 R 4 ). Increases in pathotype complexity (Runno et al., 2009) and diversity created additional difficulties in potato PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 67 (2013 ), No. 3 (684), pp. 254-258. DOI: 10.2478 /prolas-2013 breeding for late blight resistance. Only varieties with high levels of field resistance are able to avoid severe late blight epidemics. New sources of disease resistance were used to create more resistant varieties. Potato variety 'Anti' with high level of field resistance to late blight was originated from a multiple cross ((((Sol. demissum x Sol. infundibuliforme) × 'Vega') × 'Unikat') × 'Bellona') × 'Super') and released in 1995. The last strategy has been to combine late blight resistance with earliness. Variety 'Maret' ('Vita' × 'Frila') is registered in Estonia since 2003 as an early variety. Non-specific late blight r esistance of the variety 'Maret' is on the same level as that of most of the main crop varieties, but due to much earlier yield formation it is able to escape late blight development (Koppel and Tsahkna, 2003) . Several of our varieties contain some wild Solanum species in their pedigree. For example, the newest variety 'Teele' includes Sol. andigenum, Sol. demissum, Sol. chiloense and Sol. vernei in its pedigree.
The main aim of the research was to compare the resistance to late blight of Estonian and EU potato varieties that are most commonly grown in Estonia. The necessity for the research was caused by the fact that late blight resistance in local conditions does not always occur according to that provided in the variety description.
MATERIALS AND METHODS
The trial to estimate late blight resistance and tuber yield of potato varieties was carried out at the Jõgeva Plant Breeding Institute in 2010-2012. The used experimental fields of the Jõgeva PBI were located on sandy loam Calcaric Luvisol soil (FAO/UNESCO classification). According to Soil Monitoring Bureau of Estonian Agricultural Research Centre the pH of trial field soils was in the range of 5.5-6.0, K (mg kg -1 ) fertiliser demands were medium and P (mg kg -1 ) fertiliser demands were very low. The fields were deeply disced, cultivated and complete chlorine free mineral fertiliser (containing 80 g kg -1 N, 50 g kg -1 P and 190 g kg -1 K)
by 650 kg ha -1 was used locally in spring. Planting was con- 
RESULTS
In the end of July 2010 (29-30), when conditions were very favourable for late blight (low temperature, precipitation, high relative humidity), the first late blight infection was observed in the early varieties. Additionally, favourable conditions for further infection development occurred in the first decade of August (Table 1 ). In 2011, the first infection in the early varieties was observed in the end of July (31), but infection development had stopped in the beginning of August (1-6), due to the hot and dry weather. Late blight infection development continued in the second decade of Au- Table 1 ). The first late blight infection was minimal and observed only on the early varieties. Therefore, our experimental data was based on subsequent estimations when also medium and late varieties had been infected. Blight development was very fast for varieties 'Maret' and 'Arielle', fast for 'Folva', 'Ando', 'Sarme' and 'Juku', and slow for 'Secura', 'Fontane', 'Teele', 'Anti', 'Impala' and 'Princess'. Figures 1, 2 , and 3 provide data on late blight infection development and scale of infection in the years 2010, 2011 and 2012, along with the results of three follow-up late blight estimations and the three-year average. Figure 4 shows the average infection intensity in the first, second and thirds estimations in the trial years. As potato late blight can cause extensive damage to potato foliage, it is definitely a factor that affects tuber yield. Figure 5 shows the tuber yield in the trial years, in comparison with the three-year average tuber yield.
DISCUSSION
Late blight resistance. According to the literature, early varieties are much more susceptible to late blight than late varieties (Tan et al., 2010) . During the trial years, the beginning of infection of late blight differed between years. It occurred latest in 2012, probably due to below average air temperature in the second half of the vegetation period (Table 1).
First estimation.. Of the early varieties used in the trial, 'Impala' (57%) and 'Arielle' (48%) had the highest infection in 2010 (LSD 05 13.4%) (Fig. 1) . In 2011, the infection of these varieties was not particularly high (32% and 12%, respectively) (Fig. 2) , and in 2012 it was only 6% and 4%, respectively (Fig. 3) . In contrast, the the infection intensity for the early variety 'Princess' at first estimation was 29% 'Fontane' in all-trial years. According to the literature (Tan et al., 2010) , there is a positive correlation between late maturity and resistance. Thus, the late varieties should have higher resistance to late blight. Of the four late varieties used in the trial, 'Ando' and 'Anti' were the least infected and 'Juku' and 'Sarme' were slightly infected in the first estimation in all trial years.
The second estimation. Of the early varieties, 'Maret' was the least infected in all trial years: 50% in 2010 (LSD 05 12.3%), 28% in 2011 (LSD 05 10.0%) and 47% in 2012 (LSD 05 22.5%) (Fig. 1, 2, 3) . At time of the second estimation, 'Impala' and 'Princess' had the highest infection of late blight in all three trial years: 'Impala' at a level of 100% in 2011 and 'Princess' in 2012. Of the medium varieties, the new variety 'Teele' was the least infected in all trial years. The highest level of infection occurred on varieties 'Fontane' (32% in 2010 and 52% in 2011 ) and 'Secura' (88% in 2012 . Among the late varieties, infection had not significantly spread by the time of second estimation, except in 2010 when the infection had spread up to 18% on variety 'Juku' and to 25% on variety 'Sarme'.
The third estimation. Of the early varieties, leaf damage caused by late blight was least severe on 'Impala' (96%) and the highest on 'Arielle' (98%) in 2010 (LSD 05 15.8%) (Fig. 1) . In 2011, 85% of foliage on variety 'Maret' was destroyed, and 100% of that of 'Impala' and 'Arielle' (LSD 05 6.8%) (Fig. 2) . In 2012, late blight infection occurred later and developed significantly faster. By the time of the third estimation, the foliage of early varieties was destroyed by 98-100% (LSD 05 16.9%) (Fig. 3) . It was obvious that the new variety 'Teele' has relatively high field resistance to late blight, as by the third estimation only 3% (2010), 10% (2011) and 45% (2012) of its foliage was infected. The highest level of infection occurred on medium varieties in 2011 and 2012 -85% (2011) and 100% (2012) on 'Secura', and 98% (2011) on 'Fontane'. At the time of the third estimation, the most resistant late varieties were 'Anti' (2010 ) and 'Ando' (2011 and 2012 .
This discussion provides a clear picture of late blight infection throughout different trial years. The three-year average results showed that at the time of the first estimation the most resistant variety to late blight was 'Ando' (Fig. 4) . 'Maret', 'Teele', 'Folva', 'Secura', 'Anti', 'Juku' and 'Sarme' had similar resistance to late blight (LSD 05 9.7%). The varieties 'Arielle', 'Impala', 'Princess' and 'Fontane' were significantly more susceptible to late blight infection. According to the second estimation, the most resistant variety to late blight infection was 'Ando' and the resistance of varieties 'Teele', 'Anti', 'Juku' and 'Sarme' did not differ significantly (LSD 05 13.9%). All other varieties used in the trial showed significantly higher susceptibility to late blight infection. We conclude that varieties with lower late blight infection have higher resistance against late blight. At the time of the third estimation, the variety 'Ando' was the most resistant to late blight and 'Secura' was lower, as these were more susceptible varieties to late blight and the pathogen had spread quickly. In 2012, variety 'Teele' had the highest tuber yield (67.4 t ha -1 ), and tuber yields of varieties 'Fontane', 'Folva' and 'Secura' did not differ from it significantly (LSD 05 13.3 t ha -1 ). Compared to the other two trial years, late blight infection occurred later in 2012, and thus the early varieties 'Maret', 'Arielle', 'Impala' and 'Princess' had higher tuber yield. Tuber yields of late and more resistant varieties to late blight were significantly similar to the tuber yield of medium variety 'Teele' (55-66 t ha -1 ). Variety 'Teele' had the highest three-year average tuber yield (52.8 t ha -1 ). Varieties 'Impala', 'Princess' and 'Secura' had significantly lower tuber yield, which was probably mainly caused by their lower field resistance to late blight infection.
The beginning of late blight infection occurred later in 2012. The first varieties to become infected were the early varieties 'Arielle', 'Impala' and 'Princess'. The most resistant early variety was 'Maret'. Attention could be drawn to the slow development of late blight on 'Maret', which enabled higher tuber yield. Of the medium varieties, 'Teele' was infected the least and significantly similar resistance to late blight occurred on late varieties 'Ando', 'Anti', 'Sarme' and 'Juku'. 'Teele' also showed slow development of the infection, similar as in the late varieties.
Varieties 'Maret', 'Teele', 'Ando', 'Anti', 'Sarme' and 'Juku' are more late blight resistant and can be recommended for organic farming ).
